. The disorder is inherited in an autosomal recessive fashion and so is suitable for studies designed to identify the underlying genetic metabolic defect. In spite of the clinical and social importance of F.A. there has been no biochemical research in the field for many years. Recently, however, biochemical studies of Kark and Blass obtained in muscle biopsies from patients with degenerative disorders of the nervous system, provided new insights into the biology of F.A. (Kark et al, 1974) . These extended studies, which lumped together several patients with ataxia and/or peripheral neuropathies, sought a single biochemical abnormality in biological material obtained from them. The results were consistent with a defect of pyruvate oxidation in several types of ataxia (Blass et al, 1970; 1976; Kark and Rodriquez-Budelli, 1979 ) and peripheral neuropathy (Kark et al, 1974; Williams, 1979) . The Quebec Cooperative study group on F.A. (Barbeau, 1976; 1978; approached the subject differently. This group collected a number of patients with F.A. diagnosed according to strict clinical criteria and used a broad protocol of biochemical investigation (Barbeau, 1978) . The Canadian team collected a large volume of data on the biology of the disease which led to a new hypothesis on the pathogenic mechanism of F.A., namely that the defects of pyruvate oxidation observed in patients were possibly a secondary effect of a major biochemical abnormality involving lipid metabolism (Barbeau, 1979; Huang et al, 1978) . We decided to start a regional study of Friedreich's ataxia in patients selected according to strict clinical criteria for the following reasons: a) the complex nosology of spinocerebellar degeneration implies that ataxic phenotypes may not be related to the same genotypic and biochemical entity; b) ethical problems concerning the prognosis, treatment and family management of patients with F.A., strongly suggested that patients with pure F.A. should be separated from F.A. variants and from patients with other spinocerebellar degenerations. We therefore reviewed the patients previously admitted to the Instituto Neurologico with the diagnosis of spinocerebellar degeneration of Friedreich and applied to them a protocol of clinical, neurophysiological and in vivo biochemical studies in order to single out those with typical F.A. A biochemical study on cultured fibroblasts from these selected patients was subsequently performed. The results of the clinical, neurophysiological and in vivo biochemical studies are given here.
MATERIALS AND METHODS
Eighteen patients with the presumptive diagnosis of F.A. were available for the study. They were admitted to the Instituto Neurologico and were evaluated as follows: neurological signs and symptoms were, as far as possible, quantitated by means of the Mayo Clinic criteria. Each patient was videotaped for ataxic symptoms and degree of autonomy. Roentgenological evaluation consisted of standard skull, spine and chest films; CAT scanning was done in 11 of the 18 patients. Routine ophthalmological, otoneurological as well as a full cardiological evaluation consisting of electrocardiography (EKG), vectocardiography (VC), kinetocardiography (KC) and THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES echocardiography (ECHO) were performed. The routine laboratory data are given under "Biochemical findings": 17 of the 18 patients and 17 agematched normal controls were subjected to a glucose-pyruvate tolerance test. 1.75 gr of glucose/kg body weight was diluted in water and given orally to the subjects fasted for 14 hours: blood glucose, pyruvate and lactate were determined at 0-30-60-90-120 and 180 minutes, as previously described (Di Donato et al, 1978) . The pyruvate areas were evaluated in square mm (ordinate 0.1 mg pyruvate/dl = 10 mm; abscissa 10 minutes = 10 mm). Serum lipoamide dehydrogenase was determined in parallel in 12 of the 18 patients (1 to 8 and 10 to 13 of table 1) and in 12 controls with a slightly modified version of the method of Pelley et al (1962) . Practically, in a final volume of 400 /ul, 50 mM Tris-HC1 buffer pH 7.8, 3 mM oxidized nicotinamide -adenine -dinucleotide (NAD + ), 5 mM reduced lipoamide (reduced in 95% ethanol with the use of 10 mM dithiothreitol) were mixed with 20 or 40 jul of fresh serum and the reduction of NAD + was followed at 30° C in a double-beam spectrophotometer at 340 nm. The activities are expressed in U/l (Pelley et al, 1962) .
The electrophysiological study was carried out with 4 channel DISA (Model 1500) electromyograph. A standard electromyographic examination of the first dorsal interosseous (1 d.i.) tibialis anterior (t.a.) and extensor digitorum brevis (e.d.b.) muscles was performed with concentric needle electrodes, DISA 13 LOl. Maximal motor conduction velocities (VCMM) on the right ulnar (axillawrist) and left peroneal nerves were measured. Distal latencies were calculated on a standard distance of 6 cm between the stimulation and the recording points. Orthodromic sensory latencies were obtained from the right median nerve at the wrist (the stimulus was applied by a ring electrode, DISA 13 L 69, on the third finger) and from the left sural nerve: pick-up electrodes were DISA 13 K. 60 surface electrodes. All the recordings were taken at a constant room temperature of 22 ± 0.8° C. Control values for electromyographic and conduction velocity studies were obtained from a study performed in our laboratory in 170 age-matched normals.
RESULTS

Clinical findings
The results are summarized in table 1. Eleven females and 7 males were examined. Patients 8 and 9 (G.B. and G.M.), 15 and 16(D.M. and D.R.), 17 and 18 (D.I. and D.W.) were siblings. Consanguinity of the parents was established for brothers 15 and 16 and sisters 17 and 18 (parents-first cousins). This was consistent with autosomal recessive inheritance of the disease. In the remaining 14 patients, the absence of vertical transmission of symptoms in the kinship argued for an autosomal recessive inheritance. The mean age at onset was 11 years (earliest onset in patient 5, 2 years; latest onset in patient 17, 22 years). All the patients except patient 9 had a history of progressive gait and limb ataxia and dysarthria. Physical examination of this 14 year-old-girl showed mild incoordination of the finger-nosefinger test, moderate deep sensory loss, absence of tendon reflexes, pes cavus, mild kyphoscoliosis and slight electrocardiographic signs of heart involvement (table 1) . She was not conscious of any symptoms and lacked clear ataxic signs. This was attributed to the early stage of the disease.
Nystagmus was not a constant feature in the 18 patients. Tendon reflexes were absent in 16/18 of the patients: they were weak but still present in patients 14 and 16. Deep sensory loss was a feature in all patients except the two brothers 15 and 16. Babinski sign was present in all patients except patient 13 and the two sisters 17-18. Kyphoscoliosis was present in a moderate to severe degree in patients 1 to 13; it was present in mild degree in patients 14, 15, 16 and absent in patients 17 and 18. Pes cavus was present in all the patients except patient 7, 14 and 17. Symptoms and/or signs of cardiomyopathy (see Cardiological findings) were present in patients 1 to 14 but not in patients 15 to 18. These patients moreover, had neurological features additional to those found in the first group of patients (1 to 14): the two brothers 15 and 16 had fasciculations of the tongue, while the two sisters 17 and 18 had muscle cramps and myclonic jerks of the limbs. In the two sisters the onset of the first symptoms were delayed (age 20 and 22 respectively) and the progression of the disease had been slow. This was also true for patients 14. The skull, spine and chest X-rays were significant in that they confirmed kyphoscoliosis and heart disease. CAT scanning was performed in patients 2, 4, 5, 6, 7, 8, 11, 12, 13, 17, 18 . It was normal in all except patient 2 in whom moderate cortical atrophy and slight enlargement of the lateral ventricles was found. Ophthalmological examination was negative. Otoneurological examination in 18 patients was consistent with moderate to severe vestibular cerebellar dysfunction, mainly evidenced by nystagmus and vestibular hyporeflexia to the caloric test.
Cardiological findings
In 14 patients (1 to 14) EKG showed moderate to severe anomalies of ventricular repolarization and in two (8 and 10) signs of right ventricular hypertrophy. VC was consistent with the anomalies of ventricular repolarization in 9 patients (1, 2, 5, 6, 8, 10, 12, 13, 14) and confirmed the right ventricular hypertrophy in patients 8 and 10. ECHO showed signs of septal asymmetric hypertrophy in 7 patients (1, 2, 5, 8, 10, 12, 13) and signs of left concentric ventricular hypertrophy in 5 (3, 4, 6, 7 and 11). KC was rated abnormal in patients 1, 2, 5, 8, 10, 12, 13, 14 . In patients 15 to 18 the cardiological findings were normal.
Biochemical findings
The following laboratory data were in the normal range in all 18 patients: cell blood count, blood urea, creatinine, sedimentation rate, Ca** and phosphate, electrolytes, total plasma proteins, protein electrophoresis, serum immunoglobulins, serum enzymes (alkaline and acid phosphatase, aldolase, creatine phospholinase, LDH, SGOT, SGPT). Bilirubin was normal except in patient 14 in whom a moderate increase of the total and unconjugated bilirubin was found. Serum lipoproteins, evaluated by an electrophoretic method not allowing quantitation of the single lipoprotein classes, were within normal range. The mean serum total cholesterol was 172 ± 32 mg/dl (range 139-245). These values are comparable to those of agematched controls in our country. The mean serum triglycerides were 88 ± 28 mg/dl (45-171), a value significantly lower (p < 0.02) that of 21 agematched controls (115 ± 37). Glucose intolerance was shown by the standard oral glucose-loading test in patients 3, 5, and 6. Clinical and chemical diabetes was present in patients 1 and 2. Fasting plasma pyruvate averaged 0.83 ± 0.21 mg/dl (0.34 -1.30), a value not different from that of 21 agematched controls (0.84 ± 0.14). The glucose-pyruvate test showed in the patients pyruvate areas greater (mean 18.266 ± 3.795; range 14,200-26.530 square mm) than the mean areas of the controls (mean 12.710 ± 3.510 SD; range 9.200-16.000). The pyruvate areas however, were significantly greater patients than in controls and the difference in activity between patients and controls was not statistically significant. The activity of arysulphatase A, /3-galactosidase and /3-Nacetyl-glucosaminidase were determined in the leucocytes of the patients as previously described (Tettamanti et al, 1977 ) and proved to be within normal range. These enzyme activities are known to be decreased in genetic disorders associated with ataxia (McLeod et al, 1977; Pilz et al, 1977; Wengen et al, 1974) .
Neurophysiologies findings
The results of the electrophysiological study are summarized in pattern confined to the lower limbs was found in 8 patients (4, 5, 6, 8, 9, 10, 11, 14) . Partial loss of motor units in e.d.b. was considered paraphysiological (Wiechers et al, 1976) . Severe involvement of this muscle when not accompanied by pes cavus (patients 14 and 17) was rated a major symptom. Increased amplitude was the main abnormality observed in motor unit action potential parameters sometimes associated with increased mean duration and percentage polyphasic potentials. These abnormalities were marked in both the upper and the lower limbs in the patients 8, 9 and 15 to 18: in seven patients (2, 6, 7, 11, 12, 13, 14) they were of moderate degree and confined to the lower or to the upper limbs. A significant increase of polyphasic potentials (> 50%) was found in patients 7, 8, 12, 13 and 17. Clear evidence of marked diffuse denervation with high probability of lower motor neuron involvement was present in patients 15, 16, 17, 18. Ulnar nerve maximal motor conduction velocity showed a mean value of 47.4 m/sec, 21% lower than the mean of controls with pathological values (lower than limit value, table 3) in 13 cases (72,2%). Peroneal nerve mean maximal motor conduction velocity was 39.12 on 17 cases (36% lower than controls). It was pathological in 14 cases (77.71%). Total denervation of e.d.b. was observed in one case (n.5). VCMM was particularly low in patient 18 in the ulnar nerve and in patients 3, 6 and 14, 16 in the peroneal nerve. Distal latencies were increased over the control values) in 12 cases (66,6%); this was particularly true for patients 14, 15, 16 and 18. Sensory action potentials (SAP), measured with surface electrodes, were absent in the median nerve of all the patients except 4, 14 and 16. Latency, however, was increased in the two latter patients. SAPs were absent in all the patients except patient 14 in the sural nerve. In this patient however, the latency was increased. DISCUSSION Geoffroy et al (1976) proposed strict clinical criteria for the diagnosis of "typical F.A." In their series of patients the rate of incidence for gait ataxia, progression without remission of ataxia, dysarthria, areflexia, deep sensory loss, muscle weakness was 100%; pes cavus, Babinski sign and cardiomyopathy were found in 97% and kyphoscoliosis in 90% of the typical patients. "Incomplete typical F.A." meant that only pes cavus or Babinski signs were lacking whilst "atypical F.A." meant the absence of one or more of the major signs or symptoms . Our patients 1 to 13 were broadly homogeneous on a clinical basis and would fall into the typical F.A. group of Geoffroy (patient 9 in whom clinical features were somewhat different from the other typical patients has been discussed in "Clinical findings"). Patient 14 had late onset and slow progression of the disease and was therefore different from patients 1 to 13. However, he shared with these patients the hypertrophic obstructive cardiomyopathy, a sign considered typical of F.A. by several authors (Hewer, 1968; Pernot, 1979) . On the other hand, patients 15 to 18 had no cardiac involvement. Moreover, they differed from patients 1 to 14 because they lacked several major findings typical of F.A. (such as deep sensory loss, Babinski sign, kyphoscoliosis) and had additional neurological symptoms (such as cramps and fasciculation). These patients were therefore suffering from a variant of F.A.: whether to include them in type Ha of Geoffroy (atypical F.A.) , or in type lib (non-Friedreich ataxia) is a problem because all these four patients shared with type I la many signs and symptoms, but they lacked cardiomyopathy, a feature present in 100% of type Ha patients of Geoffroy et al (1976) . The neurophysiological study showed in our patients 1 to 14 moderate abnormalities in volitional activity associated with slight spontaneous activity. Both these findings were mainly in the lower limbs. Loss of motor units was a major feature in patients 15 to 18. Mean maximal motor conduction velocity (VCMM) in our 18 patients was reduced (-21% on ulnar nerve, -36% on peroneal nerve). In our typical patients (1 to 13) however, VCMM was reduced by 12% on average. These data are comparable with those found in F.A. by other investigators (McLeod, 1971; Peyronnard et al, 1976) . VCMM was particularly decreased and distal latencies increased in the patients 14, 15, 16 and 18. SAP were absent in all but three patients; in these patients however, they were lower in amplitude than in controls (see table 3 ). Therefore mild abnormalities of the EMG pattern, slight reduction of the VCMM and absence or reduction in amplitude of the SAP seemed to be the neurophysiological pattern of typical F.A. (patients 1 to 13) . Significantly, patients 15 to 18 with a variant of F.A. showed marked abnormalities of the volitional EMG activity particularly in the lower limbs and slight to moderate spontaneous activity in both the upper and lower limbs. Marked abnormalities of the VCMM and distal latencies in the lower limbs were additional features in these patients. Patient 14 had, on the peroneal nerve, lower VCMM and higher distal latencies than in patients 1 to 13 with typical F.A.; moreover his SAP were present though moderately. This patient suffered from a slow progressive form of F.A. reminiscent of the patients originally described by Roussy and Levy (1926) . In 4 of these patients, clinical examination performed 20 years after the original description of Roussy and Levy showed the presence of deep sensory loss, kyphoscoliosis and Babinski sign (Lapresle, 1956 ). The neurophysiological findings in patient 9 was interesting: her pattern was similar, in the EMG abnormalities and SAP absence, to that found in typical F.A. patients. However, this young girl had not yet developed ataxia. This may suggest that simple neurophysiological studies could be a useful tool for predicting the disease in relatives of F.A. patients (McLeod, 1971) . Biological data in our patients were confirmatory of other studies in that they revealed the presence of chemical and /or clinical diabetes in 28% of patients Thoren, 1962) . Lipid studies were different from those of other investigators in that they showed normal serum cholesterol and low triglycerides Welker et al, 1980) . However, we do not stress this latter finding because serum triglyceride values vary with diet. This may be different in normal populations and in markedly diseased people.
THE C A N A D I A N J O U R N A L OF NEUROLOGICAL SCIENCES
Bilirubin was abnormal only in one of our patients at variance with the data reported by Barbeau (1979) . By contrast, we confirmed the data of Barbeau et al (1976) on the abnormalities of the glucose pyruvate test: 40% of our patients had pyruvate areas significantly higher than controls. In none of the 4 patients with atypical F.A. was the pyruvate areas significantly increased. In 12 patients with typical F.A. (1 to 8, 10 to 13), mean serum LAD activity was, as reported by Filla et al (1978) , lower than in controls; the difference, however, was not statistically significant. The cardiological findings in our study were positive in 14 of the 18 patients and were, for most of them, conclusive for hypertrophic cardiomyopathy mainly affecting the right ventricle. From our data it may be concluded that patients with "pure" or "typical" F.A. were characterized by onset of the symptoms in childhood with gait and limb ataxia, dysarthria, posterior column signs, kyphoscoliosis, reduction or absence of tendon reflexes and signs and symptoms of cardiomyopathy; Babinski and pes cavus were almost always present. Neurophysiology gave additional substance to the diagnosis of typical F.A. by showing an association of EMG, VCMM and SAP abnormalities. This pattern differs considerably from that found in hereditary hypertrophic sensory motor neuropathies, in which signs of peripheral motor neuron involvement were the major findings (Dick and Lambert, 1968a; 1971) . However, the neurophysiological abnormalities found in our F.A. patients were shared by the patients with the neural form of hereditary sensory-motor neuropathies (Dick and Lambert, 1978b) . Biochemical abnormalities which could be identified with routine laboratory studies were restricted in our study to glucose and pyruvate metabolism; moreover these abnormalities were not present in all the typical F.A. patients. Therefore, neither neurophysiological nor the biochemical data can per se identify typical F.A. patients. Moreover, these abnormalities were not correlated in our study with the age or clinical stage. The availability of a biochemical marker of F.A. is still lacking and we believe that research must be supported in order to reach this goal. As the disease is genetic, the use of cultured cells from the patients seems to be highly desirable.
EDITOR'S NOTE
The above paper is the same text which has been accepted for publication in the Italian Journal of Neurological Sciences (September 1980) and is reproduced here with the express permission of the IJNS editor and the authors because of its pertinence to the Quebec Cooperative Study on Friedreich's Ataxia.
